Within the context of our searching for biologically active and new structurally metabolites with potential application in human health from Chinese fungi species, 12, 13) we have examined the chemical constituents of a sample of I. hispidus, which was collected from Inner Mongolia of China. These efforts resulted in the identification of two novel metabolites: inonotusin A (1) and B (2), together with (E)-4-(3,4-dihydroxyphenyl)but-3-en-2-one (3), hispidin (4) and 3,4-dihydroxybenzaldehyde (5) (Fig. 1 ). This report describes the isolation and structural determination of the compounds 1 and 2, as well as their antioxidant and cytotoxic activities.
Inonotusin A (1) was obtained as a yellow amorphous powder with molecular formula of C 15 8 . In the HMBC spectrum, the correlations from H-10 to C-12, C-14 and C-8, H-13 to C-11, C-9, H-14 to C-8, C-10 and C-12, both H-7 and H-8 to C-9, C-10 and C-14 confirmed the presence of the parahydroxystyryl moiety (Fig. 2) . The long-range correlations from H-3 to C-1, C-2, C-4 and C-5, H-15 to C-1, C-2 and C-3, H-5 to C-6, C-3 and C-7, both H-7 and H-8 to C-5 and C-6, revealed two possible partial structures which linked to the styryl moiety (Fig. 3 ). To confirm whether there is a free carboxylic acid exists, 1 was methylated by diazomethane method.
1 H-NMR spectrum of the products showed no methoxyl group. Consequently, the structure of 1 was unambiguously established as 6-(11,12-dihydroxystyryl)-2-hydroxy- 2-methyl-5,6-dihydro-oxepine-1,4-dione and named inonotusin A. 1 was found optically inactive which showed no cotton effect in circular dichroism (CD) spectrum, indicated that either chiral center (C-2) is non-stereoselective or 1 was isolated as racemic mixture. Inonotusin B (2) (Table 1) were similar to those of inoscavin D (6) except that the 7Ј-methoxyl moiety of inoscavin D was replaced by a 2-oxopropyl unit. 11) This was confirmed by long-range correlations from H-5Ј to C-7Ј, H-10Ј to C-8Ј and C-9Ј and H-8Ј to C-6Ј, C-7Ј, C-9Ј and C-10Ј (Fig. 2) . Therefore, the structure of 2 was assigned as 5-(10,11-dihydroxystyryl)-3Ј,4Ј-dihydroxy-7Ј-(2-oxopropyl)pyrano-isochromen-1-one and designated inonotusin B. 2 was also found optically inactive which same as 6 suggested that the biogenetic formation of the chiral center (C-1Ј) is nonstereoselective.
Antioxidant Hispidin Derivatives from Medicinal Mushroom Inonotus hispidus
11) Based on the structural features, 2 was proposed to be biosynthesized by oxidative conjugating of (E)-4-(3,4-dihydroxyphenyl)but-3-en-2-one (3) and hispidin (4). 14, 15) Compounds 1, 2 and 4 potently scavenged the ABTS radical cation in which compound 2 showed the highest activity at the level of 59.53Ϯ9.70 mmol Trolox/mmol compound ( Table 2) . Compounds 1-5 were also tested for cytotoxic activity against two cell lines, human breast carcinoma (MCF-7) and human hepatoblastoma (HepG-2). Compounds 2-5 were noncytotoxic to the two cell lines. Compound 1 showed moderate cytotoxicity against MCF-7 with IC 50 values of 19.6 mM.
Experimental
Fungi Material The sporocarps of I. hispidus growing on the Fraxinus mandshurica were collected from the Daqinggou National Nature Reserve, Inner Mongolia, China and identified by Prof. Dr. Tolgor, Mycological Institute of Jilin Agricultural University, China. The voucher specimen was deposited in the Herbarium of Mycology in Jilin Agricultural University (HMJAU4208), China.
Extraction and Isolation The ground fruiting body (2 kg) was extracted with MeOH at room temperature for 3ϫ24 h. After the solvent was removed under reduced pressure at 35°C, a dark brown residue (26 g) was obtained. The residue was suspended in water and then partitioned with petroleum ether, EtOAc, and n-BuOH successively. The n-BuOH fraction (8 g) was separated by column chromatography on silica gel eluting with a gradient increasing MeOH (5-30%) in CH 2 Cl 2 to give 7 fractions (Fr. 1-7). Fraction Fr. 3 was chromatographed over Sephadex LH-20 eluted with MeOH, and further purified by preparative HPLC to afford compounds 1 (8 mg) and 3 (10 mg). Fraction Fr. 4 was chromatographed on silica gel eluting with CH 2 Cl 2 : MeOH (9 : 1), and further purified by preparative HPLC to afford compound 2 (2 mg). Fraction Fr. 6 was directly subjected to preparative HPLC to afford compounds 4 (12 mg) and 5 (17 mg).
Inonotusin A (1) C-NMR spectral data (see Table 1 ). Diazomethane Derivative of Compound 1 Freshly prepared diazomethane reagent (1 ml in MeOH) was added to a 2 ml toluene solution containing 5 mg of 1 at 4°C with stirring. This solution was gradually Cytotoxicity Five-day in vitro Sulforhodamine B (SRB) cytotoxicity tests against human tumors cell lines were carried out using modified protocols for MCF-7 (breast cancer), HepG-2 (human hepatoblastoma) and the normal cells were used as control. Generally, 5ϫ10 3 /ml cells were placed in a 24-well plate and treated with compounds 1-5. The plate was incubated at 37°C for 5 d. Then the medium was removed from the 24-well plate, and 10% ice-cold trichloroacetic acid (TCA) (1 ml) was added. The plate was kept at 4°C for 2 h after which was washed four times with cold water, then stained with SRB (Sigma St. Louis, MO, U.S.A.). After washing with 1% acetic acid, the bound dye was solubilized with Tris base A (Sigma-Aldrich) and 100 ml of each sample were transferred into a 96-well plate, and then read at 492 nm.
